We have measured the reaction cross'section for production of 11 C from 12 c in a polystyrene target with incident 375-MeV/amu Ne 10 + ions at the Lawrence Berkeley Laboratory's Bevalac. We used a broad beam irradiation, and determined both beam profile and absolute particle fluence with LiF thermoluminescent dosimeters, which had been calibrated by track counting in nuclear emulsions; the induced target activity was measured with a Nai(Tl)-crystal, y-ray spectrometer. The reaction cross section was 75 ± 7 mb .
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* Work performed under the auspices of the Energy Research & Development Administration. 
Gamma-Ray Spectrometer
The y-ray spectrometer used here has previously beiim described by Radin 6 et al.
.The detector, an 8-in. diam., 4-in. thick Nal(Tl) crystal, is coupled through a linear pulse amplifier to a 1600-channel pulse height analyzer.
Measurements were inade iD the Lawrence Berkeley Laboratory low-background facil-
• ' 7 1ty, in which the .background counting rate is constant to within 2%. These small fluctuations in background rates have been observed to correlate with cosmic-ray muon intensity, and therefore can be corrected if required.
The linear amplifier system employs double delay-line clipping to accommodate very large overload pulses (e.g. from cosmic-ray muons) and very high counting rates. The pulse height analyzer has digital gain-stabilization ensuring that y-ray spectra are measured on a constant energy 'scale, even at counting rates as high as 10 7 counts/min. Gamma-ray spectra in the energy range 0.1 to 4.1 MeV are accumulated in 400 channels, at a nominal energy calibration of 10 KeV/channel.
In the measurements reported here, the 8+ annihilation peak was stabilized at channel 51, and. the integrated count in the 140-KeV-wide interval comprising channels 45 through 59 was taken as the measure of the quantity of 11 c present in the sample. This technique is reliable when no other y~emitting radionuclides are present in the sample-as was the case during these measurements.
Under these conditions, and making a small correction for the distribution of activity across the sample, the efficiency of the y-spectrometer has been calculated to be 45.0 ± 0.5%, based on the work of Radin and Smith. 8 Small corrections 'were applied to the data for dead time and counting loss.
Stability of the y-spectrometer has been periodically checked over the last 4 years; no statistically significant -4-change in relative detection efficiency as great as 0.1% has been detected over that period.
Measurement of Incident Fluence
The radial distribution of ion fluence across the target was shown to be given by ( Fig. 1): where <Po is the maximum fluence occurring at r = 0, and s is the standard deviation of the distribution.
(
The standard deviation may be determined from the beam profile shown in The absolute value of ¢(r) was determined by placing 7 LiF thermoluminescent dosimeters across the upstream face of the irradiated target. The statistical uncertainty in this value for maximum fluence is calculated to be ± 5%, but it is possible that systematic errors in the techniques used could lead to an absolute error as high as ± lO%.
Determination of Buildup Correction
The ratio of the 11 c activities in the two polystyrene discs was used to determine the magnitude of 11 c activity buildup with target thickness. The ratio of disc activities, taken in the sense (rear disc)/(front disc), was found to be 1.152 ± 0.002. We assumed a linear buildup of 11 c activity with target thickness; therefore, the front disc activity was decreased by the factor 0.928
for purposes of reaction cross-section calculation.
Calculation of Reaction Cross Section
The r~action cross section, a, is given by:
where Co is the counting rate due,to 11 c observed in the sample at the end of the irradiation.
E:
is the efficiency of the y-spectrometer detector The chemical formula for polystyrene is (CH) , and is therefore 92.3% carbon by n .
weight. Elemental carbon is considered to be entirely 12 C, in accordance with
t e ~sua convent1on.
We then obtain a value for the reaction cross section, a:
where uncertainty in the value arises mainly from the estimated inaccuracy of -6- the absolute fluence determination by the thermoluminescent dosimeter method.
Improvements in this method should perrni t cross-section det_errninations to accuracies in the 3 to 5% range.
Summary
We have measured the reaction cross section for production of 11 c from 12 c in a polystyrene target with incident 375-MeV/amu Ne 10 +·ions, and find a value of 75 ± 7 mb. The absolute particle fluence in the broad beam incident on the targets was determined by thermoluminescent dosimeters which were calibrated by track-counting in nuclear emulsions. The therrnoluminescent dosimeter monitor permitted the irradiation .to be done at high beam intensity, which resulted in relatively large activation in the target.. This high intensity insured that accuracy of the cross-section value would not be limited -by measurement of target act'ivity, as is often the case when particle counting is used as the absolute monitor at low beam intensity. . ' u J . ' . )
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